1. Introduction
===============

Given extension of life expectancy and promotion of life quality, 3-grade prevention of diseases has become crucial. Coronary heart disease (CHD) is 1 of the leading cause of death and disability in both developed and developing countries.^\[[@R1]\]^ CHD is a complex disease which has a significant genetic component. The promotion of the disease state is resulted from the integrated effect of multiple genetic variants and environmental factors.^\[[@R2],[@R3]\]^ Recent genome-wide association studies been moderately successful in revealing many CHD susceptibility loci.^\[[@R4]--[@R8]\]^ However, only less than 5% discovered risky genes contribute to the total heritability of CHD.^\[[@R9]\]^

As inflammatory responses are involved in the pathophysiology of atherosclerosis, genes that contribute to the inflammation pathways are suitable candidates to be studied in association with CHD. The 10q11.21 is 1 of the proposed loci, which encompasses *CXCL12* gene with an important role in CHD.^\[[@R10],[@R11]\]^*CXCL12* is highly expressed in atherosclerotic plaques and smooth muscle cells which contributes to the progress of arteriosclerosis.^\[[@R12]--[@R14]\]^ Several genome-wide association studies and their replication studies propose a crucial role for the single nucleotide polymorphisms (SNP) rs1746048 of *CXCL12* gene in human atherosclerosis leading to CHD.^\[[@R10],[@R15]\]^

In order to provide more compelling evidence for the association between rs1746048 and CHD, we therefore performed a systematic meta-analysis of all available data from case--control studies, aiming to better understand the relationship between chemokine CXC ligand 12 gene polymorphism with CHD.

2. Materials and methods
========================

2.1. Literature search strategies
---------------------------------

Relevant studies were identified from the following electronic databases: PubMed, Embase, OVID, Cochrane library, Web of Science, CNKI (Chinese National Knowledge Infrastructure), Wanfang Databases up to February 2017, and were systematically identified case--control studies with the use of a standardized protocol. The search was performed using various combinations of keywords including "CXCL12", "SDF-1", "polymorphism", "variant", "mutation", "coronary heart disease" and "myocardial infarction" with language limitation to English and Chinese. Two reviewers (MC and Y-FZ) independently evaluated identified titles and abstracts, and manuscripts were retrieved for any publication that either review considered as potentially relevant. Additional publications were sought using the reference lists of identified papers and published reviews on the topic. As this was a study based on published case--control articles instead of an original research, ethical approval was not needed.

2.2. Study selection
--------------------

The second step of screening was based on full-text review. The references of the selected papers were also checked by hand-search for other potential articles that possibly had been missed in the initial search. To be eligible for inclusion in this meta-analysis, a study must meet the following criteria: The study was a case--control study. Evaluate the association between rs1746048 of *CXCL12* gene with CHD. The control groups were healthy people. Provide the sufficient data for calculating an odds ratio (OR) with its 95% confidence interval (CI). Should be of Hardy--Weinberg equilibrium (HWE) in control (*P* \> .05). When duplicate articles were published, the study with the larger sample size and more comprehensive outcome evaluation will be included. Any discordance between reviewers was resolved by consensus.

2.3. Data extraction
--------------------

Two reviewers conduct all the data extraction independently with standardized data-collection form. Any potential disagreements were resolved by discussion. The following characteristics were extracted from each study: first author\'s name, year of publication, ethnicity, genotype method, number of genotypes in cases and control subjects, adjusted factors, and the *P* value of HWE in control.

2.4. Quality assessment
-----------------------

The quality of studies was independently evaluated by 2 reviewers using the 9-point Newcastle--Ottawa Scale (NOS).^\[[@R16]\]^ Based on 3 broad perspectives, including selection, comparability, and exposure, the quality of each study was assessed. A total score of 7 or greater indicated that 1 study was of high quality.

2.5. Statistical analyses
-------------------------

All the studies use the allele counting method to determine the allele frequencies. We choose Chi-square interval to assess the HWE, and *P* \< .05 was considered to be significant disequilibrium. The combined OR which was reported under an allele model and 95% CI was used to estimate the strength of association between rs1746048 and CHD. We quantified the effect of statistical heterogeneity by *I*^2^ statistic as follows^\[[@R17]\]^:
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*I*^2^ values of 25%, 50%, and 75% were defined as low, moderate, and high estimates, respectively. If *I*^2^ \> 50% is indicated across studies, a random effect model (DerSimonian--Laird method)^\[[@R18]\]^ was used to calculate pooled effect estimates in the presence of heterogeneity; otherwise, the fixed model (Mantel--Haenszel method)^\[[@R19]\]^ was used.

At last, we performed Begg rank correlation test and Egger linear regression test^\[[@R20],[@R21]\]^ at the *P* \< .10 level of significance to evaluate the potential publication bias. For the possible publication bias, a contour-enhanced funnel plot was used to further explore the source of bias. All statistical analyses were performed using Stata version 14.0 (Stata Corporation, College Station, TX).

3. Results
==========

3.1. Study characteristics
--------------------------

Initially, there were 252 papers relevant to the search words through reviewing the potentially relevant genetic association studies (Fig. [1](#F1){ref-type="fig"}). After screening the titles and abstracts, 233 papers were excluded. Of these, 19 papers were preliminarily included for further identification of full texts and data. A total of 7 more articles were excluded for the following reasons: 3 were not case--control studies, 2 were duplicated reports, and 2 were not related to CXCL12 mutation. Consequently, a total of 12 studies,^\[[@R10],[@R22]--[@R32]\]^ including 48,852 CHD cases and 64,386 controls were subjected to our meta-analysis. Of the 12 articles, there are included 19 study stages. Among them, 6 study stages were conducted in Asian, 7 were in Europe, 5 in North America, and 1 study stage was not limited to ethnic group (including European and Asian). Of the 19 study stages, 17 included both male and female, 1 included only female, and 1 included only male. The mean age of all included subjects ranged from 45 to 75 years. In addition, all except 3 articles provided multivariate-adjusted risk estimates (e.g., age, gender, body mass index, smoking, cholesterol, etc.). The baseline characteristics of all included studies are summarized in Table [1](#T1){ref-type="table"}. Genotypic distribution of studied SNP in controls were all in HWE (all *P* \> .05). According to the quality criteria, the NOS scores of all studies were all more than 7 (high quality), and the result of NOS scores is shown in Table [2](#T2){ref-type="table"}.
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###### 

Characteristics of the studies included for meta-analysis.
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###### 

NOS scale checklists.
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3.2. Results of meta-analysis
-----------------------------

Overall, a summary of our meta-analysis findings showed a significant positive relation between the chemokine CXC ligand 12 gene polymorphism and risk of CHDs (OR = 1.11; 95% CI = 1.09--1.14; *P* \< .005), without heterogeneity among studies (*I*^2^ = 35.8%, *P* = .062) (Fig. [2](#F2){ref-type="fig"}). Since no evidence of heterogeneity was observed, a fixed-effect method is applied for further analyses.
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We performed subgroup analysis of ethnicity and populations in consideration of the potential influence of the confounding factor for the result. As showed in Fig. [3](#F3){ref-type="fig"}, the similar positive associations between the rs1746048 polymorphism and risk of CHD were found in both Asian (OR = 1.07; 95% CI = 1.02--1.12; *P* \< .005; *I*^2^ = 40.6%) and Caucasian populations (OR = 1.14; 95% CI = 1.10--1.18; *P* \< .005; *I*^2^ = 22.2%). We further made an analysis of chemokine CXC ligand 12 gene polymorphisms with myocardial infarction (the most serious type of CHD) (OR = 1.18; 95% CI = 1.13--1.23; *P* \< .005; *I*^2^ = 29.6%) (Fig. [4](#F4){ref-type="fig"}).
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3.3. Sensitivity analyses
-------------------------

We conducted sensitivity analyses under an allele model to evaluate the stability of the crude results in the association between SNP rs1746048 and CHD by removing 1 study at each round of the analysis (Fig. [5](#F5){ref-type="fig"}). There was no evidence about quantitative alternation in the ORs. It indicated that our meta-analysis provides more compelling evidence for the association of rs1746048 and CHD susceptibility.
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3.4. Publication bias
---------------------

As we all know, publication bias is a common problem when performing a meta-analysis. Begg funnel plot and Egger test were conducted under an allele model to evaluate the publication bias. As is showed in Fig. [6](#F6){ref-type="fig"}, the Begg funnel plot did not identify substantial asymmetry. Nevertheless, the results in the Egger test are not optimistic (*P* \< .05). Because of this, we use the trim and fill method^\[[@R33]\]^ and found that 2 more unpublished studies were needed to balance the funnel plot (Fig. [7](#F7){ref-type="fig"}). Inputting the hypothetical studies, the pooled analysis still indicated a statistically positive relationship between rs1746048 and CHD risk (OR = 1.12; 95% CI = 1.09--1.14; *P* \< .005).

![Begg funnel plot with pseudo 95% confidence limits.](medi-96-e7179-g008){#F6}

![Filled funnel plot with pseudo 95% confidence limits.](medi-96-e7179-g009){#F7}

3.5. Discussion and conclusions
-------------------------------

With the rapid development of industrialization and urbanization, the mortality and mobility of CHDs remains only highest worldwide despite all methods.^\[[@R1]\]^ As the 3-grade prevention of diseases has become crucial, the early predictions and diagnosis of CHD need more accurate. The traditional risk prediction algorithms of CHD based on age, gender, blood lipids, hypertension and smoking may overestimate or underestimate the risk.^\[[@R34],[@R35]\]^ Genetic testing may improve the accuracy. On the other hand, gene-targeted therapy may inspire a new thinking about therapy of CHD.

Recently, there is an extensive body of GWAS and literature implicating a locus on chr10q11 in CHD which is marked by rs1746048.^\[[@R10],[@R15]\]^ Its region on chr10q11 at 44.2 Mb is 80 kb downstream proximal to the *CXCL12* gene. CXCL12 is an inflammatory chemokine which is extensively participate in cellular processes about angiogenesis, cell signaling, hematopoiesis, and a direct contribution to the process of atherosclerosis.^\[[@R12]--[@R14]\]^ The CXCL12 protein has been associated with activated platelets and plaque stabilization.^\[[@R36],[@R37]\]^ On 1 hand, platelet-mediated inflammation may make contribution to the process of atherosclerosis.^\[[@R38]\]^ On the other hand, continuous cytokines and matrix proteases secreted by cells within the plaque may also contribute to the thinning of the stability-providing fibrous cap after the formation of plaque.^\[[@R39]\]^ Moreover, CXCL12 also participates in the cell trafficking of monocytes, macrophages, and endothelial progenitor cells, which was the key components in the pathogenesis of atherosclerosis. Thus, the polymorphism of *CXCL12* gene may have relation to the development of CHD. Now more case--control studies attempt to evaluate the association between the SNP rs1746048 and CHDs, but the results have been inconclusive because of small sample size and patchy statistics of individual studies. For this reason, we conducted the present meta-analysis to summarize publications and attempt to clarify the role of the SNP rs1746048 in CHD.

In this set of meta-analyses, we combined 12 studies (including 19 stages) of 48,852 patients and 64,386 controls, and observed that the C allele carriers of SNP rs1746048 was generally correlated with an increased a 11% incidence rate of CHD among various populations (OR = 1.11; 95% CI = 1.09--1.14; *P* \< .005). To reduce of difference in genetic backgrounds and the environments, we also performed an ethnicity-specific subgroup analysis and found the similar positive susceptibility to CHD in both Asian and Caucasian. The assessment of the quality of the studies by using NOS indicates all articles is of high quality. Moderate or even low heterogeneity and sensitivity analysis performed across the studies indicated that the association assessed in this meta-analysis is statistically reliable.

There are some limitations to our current meta-analysis. First, the result of Egger test indicated the possibility of publication bias; although the trim and fill sensitivity analysis showed the general results did not change which the strength of the association was even a bit increased. We conducted the further Egger test in Asian (*P* \< .05) and Caucasian (*P* = .064), and observed that publication bias mainly exists in articles about Asian. The sample size of Asian was still relatively small which may be a possible reason. Limitation to English and Chinese may be another reason resulting in the bias. Second, more than half the 12 studies did not give a strict excluding criterion about serious diseases, which may confound the results. Third, due to the lack of relevant specific data and the limited statistical power, we could not conduct subgroup analysis based on gender and age to explore the underlying relationship between rs1746048 and CHD risk. Additional studies are needed to further clarify significance of the subgroup analysis based on gender and age. Finally, although most studies included were based on adjusted OR estimates, a potential confounding bias should be considered.

In conclusion, our meta-analysis indicates that the chemokine *CXCL12* gene polymorphism (rs1746048) is significantly associated with the susceptibility to CHD and suggests that SNP rs1746048 may play an important role in the pathogenesis and progression of CHD. The rs1746048 may be a promising locus for gene-targeted therapy, which inspires a new thinking about clinic treatment of CHD. Considering limitations mentioned above, more and larger sample size of case--control should be performed to provide sufficient power to estimate the association between chemokine *CXCL12* gene polymorphism (rs1746048) and CHDs.

Abbreviations: CHD = coronary heart disease, CI = confidence interval, HWE = Hardy--Weinberg equilibrium, NOS = Newcastle--Ottawa Scale, OR = odds ratio, SNP = single nucleotide polymorphisms.
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